INTRODUCTION
============

Optic neuritis (ON) is defined as demyelinating inflammation of the optic nerve and typically presents in association with multiple sclerosis (MS).[@B1][@B2] ON usually presents as a subacute unilateral and painful loss of vision that progresses over a few days to 2 weeks, and occasionally both eyes can be affected, either simultaneously or sequentially.[@B3][@B4] Symptoms include blurring of vision, reduced contrast sensitivity, dyschromatopsia, visual field defect and a relative afferent pupillary defect, and Uhthoff\'s phenomenon. Visible opticnerve inflammation on a funduscopic examination is present in about one-third of patients.[@B5] Despite careful diagnostic workup, in many cases the etiology of ON remains elusive at the first presentation, and 3--5% of patients experience recurrent episodes.[@B6]

There is controversy about relapsing ON among different experts. This was initially considered a recurrent steroid-responsive optic neuropathy that differed from ON associated with demyelinating diseases, such as MS, in terms of the severity of visual loss, persistence of pain after the onset of visual loss, and recurrent episodes.[@B7] However, several recent studies found that 5--20% of patients with exclusive ON relapses tested positive for antiaquaporin-4 (anti-AQP-4) antibody, and roughly 50% of the seropositive patients develop longitudinally extensive transverse myelitis within 2 years.[@B2][@B8][@B9][@B10][@B11][@B12][@B13]

Relapsing ON that responds to corticosteroids or immunosuppressant treatment in patients who either do not fulfill MS diagnostic criteria or are negative for anti-AQP-4 antibody has recently been considered a disease in itself, called chronic relapsing inflammatory optic neuropathy (CRION).[@B12] However, there is still some controversy surrounding relapsing ON, especially its relationship to MS and neuromyelitis optica spectrum disorders (NMOSD).

To better understand the clinical characteristics of patients who present initially with exclusive demyelinating immune-mediated ON relapses, we reviewed our database with the aim of identifying the clinical, radiological, and serological features that would help distinguish between CRION, NMOSD, and MS.

METHODS
=======

The Neuroimmunology Clinic of the Federal University of São Paulo is a specialized center for treating patients with MS and other demyelinating diseases. It maintains a database with information on the clinical status, results of laboratory tests and radiological evaluations, and treatment of all patients under follow-up since 1994. In December 2016 this database contained information on 1,823 registered patients, including 916 with a diagnosis of MS, 204 with isolated demyelinating syndrome, 185 with NMOSD, and 24 with relapsing isolated optic neuritis (RION).

This retrospective cohort study reviewed all medical records between February 1994 and December 2016, and patients were selected if they had experienced at least two clinical episodes of ON separated by at least 4 weeks. Patients with less than 6 months of follow-up, any evidence of systemic autoimmune, vascular, or infectious diseases, or evidence of disease activity in other areas of the central nervous system (CNS) prior to the ON were excluded ([Fig. 1](#F1){ref-type="fig"}). The study was approved by the Institutional Review Board of the Federal University of São Paulo as part of a long-term observational study on demyelinating diseases (IRB No. 933050).

Relapse was defined as two clinical episodes of neurological symptoms separated by at least 4 weeks. ON was classified as bilateral if both eyes were involved simultaneously or sequentially within 4 weeks. RION was defined as a new unilateral or bilateral attack occurring after an interval of at least 4 weeks. The index event was defined as the first non-ON relapse after the first episode of ON. The patients were classified according to their final diagnosis in December 2016 as follows:

MS, if they fulfilled the clinical and imaging criteria for MS during follow-up.[@B14]

NMOSD, if they fulfilled the revised clinical and imaging criteria for NMOSD during follow-up.[@B15]

CRION, if they had RION but no imaging or clinical evidence of disease activity in other areas of the CNS and were receiving immunosuppressant or corticosteroid treatment to avoid further relapses or worsening of visual acuity (VA).[@B12]

For each patient we recorded demographic data (sex, age at onset, and follow-up period), the medical history of each ON episode and visual disability, brain and spinal-cord magnetic resonance imaging (MRI) data, and laboratory data (e.g., cerebrospinal fluid and anti-AQP-4 antibody). Anti-AQP-4 antibody was evaluated using a commercially available indirect immunofluorescence method in all patients with RION who did not meet MS criteria since 2007, due to anti-AQP-4 antibody not being available in Brazil before this date. Patients with MS received the standard treatment with immunomodulatory drugs, while patients with NMOSD and CRION were treated with oral steroids and/or azathioprine as required.

A severe visual outcome was defined as VA ≤20/200. Clinical severity was evaluated by the Visual Functional System Score (VFSS) in the Expanded Disability Status Scale of Kurtzke. The VFSS ranges from 0 to 6, where 0 refers to normal VA and 6 to VA \<20/200 in the worse eye and ≤20/60 in the best eye.[@B16] The VFSS was recorded at each visit, but only the scores at the first and last medical appointments were used in this analysis.

We considered that a VFSS of ≥5 indicated significant clinical disability due to its negative impact on the social life. To avoid bias due to the disease duration, we normalized the total number of ON relapses by the total disease duration (in years), thereby using the annualized relapse rate (aRR) to evaluate disease severity.

We performed a multinomial regression analysis to determine whether age, sex, type of ON (unilateral or bilateral), initial VA, initial VFSS, final VA, or final VFSS predicted the final diagnosis of MS, NMOSD, or CRION.

Statistical analysis was performed using the programs SPSS 17.0 (SPSS Inc., Chicago, IL, USA) and STATA 14 (StataCorp LP, College Station, College Station, TX, USA). Categorical data were described as absolute values (*n*) and relative frequencies (%), while continuous and semicontinuous data were described as medians and interquartile ranges. The Mann-Whitney test was used to compare independent samples, while Fisher\'s exact test was used to compare categorical data. The Kaplan-Meier survival method and the log-rank test were used to compare times to VA ≤20/200 (monocular and binocular) between the NMOSD and CRION groups, and among the patients who were positive and negative for anti-AQP-4 antibody. A probability value of \<0.05 was considered statistically significant.

RESULTS
=======

Thirty-three patients with bilateral or unilateral relapsing ON were included, comprising 13 with a final diagnosis of CRION, 14 with NMOSD, and 6 with MS. The main clinical and demographic results are summarized in [Table 1](#T1){ref-type="table"}.

The female:male ratios were 12:1, 10:4, and 6:0 for CRION, NMOSD, and MS, respectively, and the corresponding median ages at onset were 32.9, 31.6, and 27.2 years. The first ON episode was unilateral in most patients regardless of the final diagnosis, with rates of 76.9%, 92.9%, and 66.7% for CRION, NMOSD, and MS, respectively. The disease duration, follow-up period, time to the index event, time between first and second relapses, and time to the involvement of both eyes did not differ between CRION, NMOSD, and MS. However, the interval between the first ON episode and the final diagnosis was shorter in MS than in NMOSD (14.7 months vs. 90.3 months, *p*=0.039).

The median number of relapses (including ON and other neurological topographies such as myelitis) was higher in patients with NMOSD, but the aRR was the same in the three groups ([Table 1](#T1){ref-type="table"}). The initial VFSS was worse in CRION and NMOSD than in MS (*p*=0.05 for CRION vs. MS, and *p*=0.002 for NMOSD vs. MS), but did not differ between CRION and NMOSD (*p*=0.52) ([Fig. 2](#F2){ref-type="fig"}). The final VFSS was also worse in CRION and NMOSD than in MS (*p*=0.035 for CRION vs. MS, and *p*=0.011 for NMOSD vs. MS) ([Fig. 2](#F2){ref-type="fig"}, [Table 2](#T2){ref-type="table"}).

In the multinomial regression univariate analysis, both the initial and final VFSSs were associated with the final diagnosis, with lower scores increasing the probability of an MS diagnosis ([Supplementary Table 1](#S1){ref-type="supplementary-material"} and [2](#S2){ref-type="supplementary-material"} in the online-only Data Supplement). In the multivariate analysis, the model with age, sex, type of ON, and final VFSS showed that the final VFSS remained associated with the final diagnosis of MS, contributing 27% of the variance in this final diagnosis ([Table 3](#T3){ref-type="table"}).

The times to reach VA ≤20/200 in the worst eye and in both eyes were compared between NMOSD and CRION ([Fig. 3](#F3){ref-type="fig"}). Patients with CRION reached unilateral VA ≤20/200 faster than patients with NMOSD (*p*=0.025) ([Table 2](#T2){ref-type="table"}). However, the time to reach bilateral VA ≤20/200 (*p*=0.081) and to reach the same level of disability did not differ between patients who were positive and negative for anti-AQP-4 antibody (data not shown).

Brain white-matter abnormalities were observed in 23.1% (3/13), 42.9% (6/14), and 100% (6/6) of the patients with final diagnoses of CRION, NMOSD, and MS, respectively. Although patients with CRION and NMOSD had nonspecific brain white-matter abnormalities, patients with a final diagnosis of MS met the McDonald 2010 diagnostic criteria.[@B14] The optic-nerve images were clearly abnormal in 23.1% (3/13) of patients with CRION and in 14.3% (2/14) of patients with NMOSD. [Fig. 4](#F4){ref-type="fig"} shows two illustrative cases of CRION and MS.

The anti-AQP-4 antibody test was performed in 21 (63.6%) patients: 12 with a final diagnosis of NMOSD and 9 with CRION. All nine anti-AQP-4-antibody-positive patients---according the new criteria---were included in the NMOSD group. Seven of the positive patients (77.8%) developed transverse myelitis during follow-up.

Patients with NMOSD and MS received immunosuppressant or immunomodulatory treatment accordingly. Patients with CRION were treated with azathioprine and/or corticoid, similarly to NMOSD. Immunosuppressant treatment was well tolerated in this group, but its impacts on disease progression and relapse frequency were not measured.

DISCUSSION
==========

The present study aimed to characterize the clinical, epidemiological, and radiological data of patients with relapsing ON according to the final diagnosis of CRION, NMOSD, or MS, and identify factors that can be used to predict these diseases. We studied 33 patients, comprising 13 with CRION, 14 with NMOSD, and 6 with MS.

Our CRION, NMOSD, and MS patients showed comparable aRR values. We observed a predominance of unilateral ON relapses in CRION, which differs from the initial description of 53.3% of CRION patients having bilateral opticnerve involvement from the onset.[@B7]

The main predictor of the final diagnosis was the VFSS. ON is more severe in NMOSD and CRION, with an initial VFSS of ≥5 in 85.7% and 63.6% of patients, respectively. Only 16.7% of patients with MS reached this level of visual impairment. A particularly interesting observation was that despite showing a better VA, patients with CRION reached unilateral VA ≤20/200 faster than did patients with NMOSD.

While the final VFSS was a predictive factor in the multivariate analysis, it contributed only 27% of the variance in the final diagnosis of MS. Such a modest impact could be explained by the small number of patients in the model or by the existence of other factors that were not included in the analysis due to the retrospective design of our study.

The presence of anti-AQP-4 antibody was associated with worse VA and a greater risk of conversion to NMOSD. Spinal-cord relapse occurred in 77.8% of the patients who were positive for anti-AQP-4 antibody. A recent study involving a predominantly Caucasian population found that 50% of anti-AQP-4-antibody-positive patients would presente a spinal-cord relapse within 2 years of follow-up.[@B8] NMOSD is more prevalent in non-Caucasians, and up to 22% of Brazilian patients with a demyelinating disease reportedly have NMOSD.[@B17] Thus, the higher frequency of transverse myelitis in our study could be explained by the higher prevalence of NMOSD in Brazil. On the other hand, two of the patients that remained as relapsing ON (13.3%) were positive for anti-AQP-4 antibody, which is similar to previous descriptions.[@B2][@B11][@B15]

While white-matter abnormalities were seen in NMOSD, CRION, and MS, as expected, only patients with MS had lesions that fulfilled the mandatory dissemination in space according to the McDonald 2010 criteria.[@B14][@B18] However, it is important to highlight that almost one-quarter of patients with CRION may present with nonspecific brain lesions on MRI. Thus, MRI findings should not prevent a diagnosis of CRION, when appropriate.

Our study was subject to several limitations. It performed a retrospective analysis of reviewed medical records, and hence there will inevitably be biases due to how the information was recorded. In addition, the small number of patients prevented us from drawing definitive conclusions, despite our findings being consistent with those already reported in the literature.

It has recently been shown that NMOSD patients who are negative for anti-AQP-4 antibody and some with isolated ON may be positive for antibodies against myelin oligodendrocyte glycoprotein (anti-MOG antibody). Most series are consistent with anti-MOG antibody being present in up to 25% of anti-AQP-4-antibody-negative patients, and being preferentially associated with acute disseminated encephalomyelitis, transverse myelitis, and severe relapsing ON.[@B19][@B20][@B21] There is no anti-MOG antibody assay commercially available in Brazil for clinical use, and so our patients with relapsing ON were not tested, which we accept is a major limitation of our study.

Larger studies with a prospective design are necessary to better understand the phenotypic characteristics of patients with relapsing ON and thereby improve their care. Meanwhile, due to the relapse severity and patients with CRION responding well to immunosuppression, we suggest that relapsing ON---when atypical for MS---should be treated early to avoid new relapses and permanent disability.
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###### Supplementary Table 1

Multinomial logistic regression of predictive factors of the final diagnosis: univariate analysis of the iVFSS

###### Supplementary Table 2

Multinomial logistic regression of predictive factors of the final diagnosis: univariate analysis of the fVFSS
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![A: Initial VFSS according to the diagnosis: *p*=0.05 for CRION vs. MS, *p*=0.002 for NMOSD vs. MS, and *p*=0.52 for CRION vs. NMOSD. B: Final VFSS according to the diagnosis. *p*=0.035 for CRION vs. MS and *p*=0.011 for NMOSD vs. MS. *p*\<0.05, statistically significant difference between the groups. CRION: chronic relapsing inflammatory optic neuropathy, MS: multiple sclerosis, NMOSD: neuromyelitis optica spectrum disorders, VFSS: Visual Functional System Score.](jcn-14-351-g002){#F2}

![A: Kaplan-Meier curve for unilateral VA ≤20/200 according to the diagnosis. B: Kaplan-Meier curve for bilateral VA ≤20/200 according to the diagnosis. *p*\<0.05, statistically significant difference between the groups. CRION: chronic relapsing inflammatory optic neuropathy, NMOSD: neuromyelitis optica spectrum disorders, VA: visual acuity.](jcn-14-351-g003){#F3}

![Comparison between brain white-matter abnormalities in patients with final diagnoses of chronic relapsing inflammatory optic neuropathy (A) and multiple sclerosis (B).](jcn-14-351-g004){#F4}

###### Demographic and clinical characteristics of patients with CRION, NMOSD, and MS

![](jcn-14-351-i001)

  Characteristics                                  CRION (*n*=13)       NMOSD (*n*=14)        MS (*n*=6)
  ------------------------------------------------ -------------------- --------------------- ---------------------
  Sex, females:males                               12:1                 10:4                  6:0
  Age at onset, years                              32.9 (24.9--40.0)    31.6 (22.6--37.4)     27.2 (23.3--37.45)
  First episode of ON                                                                         
   Unilateral                                      10 (76.9)            13 (92.9)             4 (66.7)
   Bilateral                                       3 (23.1)             1 (7.1)               2 (33.3)
  Optic disc                                                                                  
   Normal                                          0                    1 (9.1)               2 (33.3)
   Swollen                                         4 (23.1)             2 (18.2)              1 (16.7)
   Pale                                            9 (76.9)             8 (72.7)              3 (50.0)
  Total number of relapses                         3.0 (2.0--4.5)       8.0 (3.8--10.2)       4.0 (3.0--6.8)
  Number of relapses before index event            3.0 (2.0--4.5)       2.0 (2.0--3.0)        2.0 (2.0--2.3)
  Number of relapses after index event 0           2.5 (1.8--8.0)       1.5 (1.0--4.8)        
  Unilateral VA                                                                               
   ≤20/200                                         8 (61.5)             12 (85.7)             1 (16.7)
   \>20/200                                        5 (38.5)             2 (14.3)              5 (83.3)
  Bilateral VA                                                                                
   ≤20/200                                         7 (53.8)             5 (35.7)              1 (16.7)
   \>20/200                                        6 (46.2)             9 (64.3)              5 (83.3)
  Initial VFSS                                                                                
   \<5                                             4 (36.4)             2 (14.3)              5 (83.3)
   ≥5                                              7 (63.6)             12 (85.7)             1 (16.7)
  Initial VFSS                                                                                
   0                                               0                    0                     3 (50)
   1                                               0                    1 (7.1)               2 (33.3)
   2                                               3 (27.3)             1 (7.1)               0
   3                                               0                    0                     0
   4                                               1 (9.1)              0                     0
   5                                               1 (9.1)              9 (64.3)              1 (16.7)
   6                                               6 (54.5)             3 (21.4)              0
  Final VFSS                                                                                  
   \<5                                             6 (50.0)             2 (15.4)              5 (83.3)
   ≥5                                              6 (50.0)             11 (84.6)             1 (16.7)
  Final VFSS                                                                                  
   0                                               0                    0                     4 (66.7)
   1                                               0                    0                     1 (16.7)
   2                                               4 (33.3)             1 (7.7)               0
   3                                               0                    1 (7.7)               0
   4                                               2 (16.7)             0                     0
   5                                               1 (8.3)              6 (46.2)              0
   6                                               5 (41.7)             5 (38.5)              1 (16.7)
  aRR                                              0.7 (0.3--2.0)       0.7 (0.3--2.0)        0.7 (0.3--1.4)
  Disease duration, months                         76.4 (22.4--147.9)   162.9 (32.1--234.9)   112.6 (32.1--234.9)
  Time to first medical appointment, months        9.6 (8.8--56.5)      33.5 (5.2--104.3)     17.3 (7.7--30.9)
  Time to diagnosis, months                                             90.3 (18.75--166.6)   14.7 (4.5--40.0)
  Follow-up period, months                         23.0 (29.1--131.1)   89.7 (29.1--141.7)    93.5 (12.3--119.4)
  Time to involvement of both eyes                 3.0 (2.0--24.0)      22.0 (9.0--36.0)      12 (0--53.5)
  Time to index event                              N/A                  58.9 (13.7--130.1)    33.5 (17.8--76.6)
  Time between first and second relapses, months   3.07 (2.0--24.3)     16.7 (7.8--27.1)      8.6 (5.0--14.0)

Data are *n* (%) or median and interquartile-range values.

aRR: annualized relapse rate, CRION: chronic relapsing inflammatory optic neuropathy, MS: multiple sclerosis, N/A: not available, NMOSD: neuromyelitis optica spectrum disorders, ON: optic neuritis, VA: visual acuity, VFSS: Visual Functional System Score.

###### Comparison of clinical characteristics between MS, NMOSD, and CRION

![](jcn-14-351-i002)

  Characteristics                          CRION vs. NMOSD   CRION vs. MS   NMOSD vs. MS   Statistical test
  ---------------------------------------- ----------------- -------------- -------------- ----------------------
  Sex                                      0.186             1.000          0.207          Fisher\'s exact test
  First unilateral or bilateral relapse    0.269             1.000          0.202          Fisher\'s exact test
  Age at onset                             0.662             0.539          0.710          Mann-Whitney test
  Total number of relapses                 0.008^\*^         0.226          0.298          Mann-Whitney test
  Number of relapses before index event    0.208             0.167          0.548          Mann-Whitney test
  Number of relapses after index event                                      0.356          Mann-Whitney test
  Unilateral VA ≤20/200                    0.209             0.141          0.007^\*^      Fisher\'s exact test
  Bilateral VA ≤20/200                     0.706             0.354          0.177          Fisher\'s exact test
  Initial VFSS                             0.525             0.050^\*^      0.002^\*^      Mann-Whitney test
  Final VFSS                               0.448             0.035^\*^      0.011^\*^      Mann-Whitney test
  aRR                                      0.884             0.930          0.967          Mann-Whitney test
  Disease duration                         0.159             0.599          0.248          Mann-Whitney test
  Time to first medical appointment        0.369             0.861          0.322          Mann-Whitney test
  Time to diagnosis                                                         0.039^\*^      Mann-Whitney test
  Follow-up period                         0.145             0.726          0.567          Mann-Whitney test
  Time to involvement of both eyes         0.559             0.452          0.534          Mann-Whitney test
  Time to index event                                                       0.512          Mann-Whitney test
  Time between first and second relapses   0.076             0.537          0.149          Mann-Whitney test

Data are probability values: ^\*^*p*\<0.05, statistically significant intergroup difference.

aRR: annualized relapse rate, CRION: chronic relapsing inflammatory optic neuropathy, MS: multiple sclerosis, NMOSD: neuromyelitis optica spectrum disorders, VA: visual acuity, VFSS: Visual Functional System Score.

###### Multinomial logistic regression of predictive factors for the final diagnosis

![](jcn-14-351-i003)

  Diagnosis              Coef.        Std. Err.     z       *p*\>\|z\|   95% CI
  ---------------------- ------------ ------------- ------- ------------ --------------------------
  CRION (base outcome)                                                   
  NMOSD                                                                  
   Age onset             −0.0297357   0.0468151     −0.64   0.525        −0.1214916 to 0.0620201
   Sex                   0.8709744    1.284289      0.68    0.498        −1.646185 to 3.388134
   Type of ON            −0.7875495   1.3329600     −0.59   0.555        −3.400103 to 1.825004
   fVFSS                 0.2670675    0.286744      0.93    0.352        −0.2949405 to 0.8290754
   Constant              0.5879843    2.3748830     0.25    0.804        −4.066701 to 5.242669
  MS                                                                     
   Age onset             0.0267862    0.9334530     0.29    0.774        −0.1561672 to −0.2097397
   Sex                   14.7231200   2732.494000   −0.01   0.996        −5370.314 to 5340.867
   Type of ON            −0.5939014   1.3860940     −0.43   0.668        −3.310595 to 2.122792
   fVFSS                 0.8861198    0.424559      −2.09   0.037        −1.718239 to −0.0540001
   Constant              1.612364     3.35423       0.48    0.631        −4.961805 to 8.186534

Log likelihood=-23.902617, Pseudo R^2^=0.2654, Number of observations=31, Log rank χ^2^=(8)=17.27, probability\>χ^2^=0.0274.

CI: confidence interval, Coef.: coeficient, CRION: chronic relapsing inflammatory optic neuropathy, fVFSS: final Visual Functional System Score, MS: multiple sclerosis, NMOSD: neuromyelitis optica spectrum disorders, ON: optic neuritis, Std. Err.: standard error, Type of ON: unilateral or bilateral.
